Cell lines of suspension cultures of Brassica napus cv. Jet Neuf were identified for their ability to tolerate 100 millimolar Rb+, a level which was double the normally lethal concentration. Ten spontaneous isolates were obtained from approximately 5 x 10' cells, one of which was reestablished as a cell suspension. This cell line, JL5, was also resistant to the other group IA cationsLi, Na+, K+, and Cs+-and this trait was stable for at least 30 cell generations in the absence of Rb+ selection pressure. The growth characteristics were similar to those of sensitive cells under nonselective conditions. The selected JL5 cells were shown by analysis to have effected more net accumulation of K and Rb+ and less of Na+ than did the unselected cells. JL5 and unselected cells after 14 days of culture in basal medium contained 597.2 and 258.2 micromoles of K per gram dry weight, respectively. Michaelis-Menten kinetic analysis of K+ influx showed that JL5 possessed an elevated phase 1 V,,,e, but there was no alteration in its Km. This is the first time that a plant mutation has been shown to have both increased influx and net absorption of a major essential cation.
Salt-tolerant cultures have been isolated from a number of plant species (1-3, 15, 21) including Brassica napus (7) . Selections that have employed sodium salts often resulted in the isolates being resistant to water stress where the tolerance mechanism appears to have a broader physiological basis than that involved solely in the membrane transport and cellular compartmentation of Na+. This study was specifically designed to identify cells possessing alterations in K+ absorption. It presents Rb+ as a selective agent for the isolation of mutant cells with altered K absorption. Suspension cultures of B. napus cv Jet Neuf were employed for this purpose. In a number of higher plant species, K+ and Rb+ act as analogs in transport processes (9, 17) . It was anticipated that resistance to Rb+ would be most likely attributable to an alteration in K+ transport processes, which would lower the absorption of Rb+ while allowing for adequate K+ uptake. Contrary to expectations, the employment of Rb+ as a selective agent resulted in the isolation of a stable cell line that possessed increased net K+ accumulation as well as an increased K+ influx. This elevated accumulation also conferred resistance to the other alkali metal cations.
The uptake of K+ into plant cells proceeds via an active process which is regulated by the intracellular K+ concentration (12, 16) . Allosteric feedback on plasmalemma K-transporters, as well as de novo synthesis and degradation of transport proteins, are thought to maintain appropriate levels for metabolic requirements. The complexity of these regulatory mechanisms, their degree of dependence on the levels of other nutrients, and the severe degree of compartmentation within plant cells has led to a requirement for the isolation of transport mutants in order to characterize more clearly the processes involved (13) .
Na+ is the other group IA cation which is in relative abundance in many soils. Most plants have no known metabolic requirement for Na+ (8) , which is toxic to nonhalophytes at moderate levels (10) . Plants have evolved a number of physiological processes to deal with this imposition, including Na transfer to and secretion from leaves in some halophytes (1 1). While some plants exclude Na+ more effectively than others ( 14) , a number of species such as sugar beet store excess Na in their vacuoles (5) .
tional Equipment Company HH-SII centrifuge. The pelleted samples were then resuspended in 50 mL of 500 gM CaC12, recentrifuged and this process was repeated twice to wash the cells prior to removal of excess moisture by suction in a Buchner funnel fitted with scintered glass of 10 um pore size. These samples were used to determine fresh weight. Dry weight was measured after freeze-drying.
Selection for Resistance to Rubidium
Cell selections were performed by a two-step process that included an initial short selection period in liquid medium followed by a much longer one on semisolid medium. Environmental conditions were 25°C in 16 with 25 mL of ice-cold 5 mM KCl in 0.5 mM CaSO4. The time between sample application onto the filtering apparatus and the beginning of the first wash was less than 10 s and the entire wash procedure was approximately 2 min long. The filter paper discs containing the cells were oven dried at 60°C before being ashed in a muffle furnace at 550°C overnight.
The ash was dissolved in 20 mL of distilled water prior to Cerenkov counting (19) in an LKB Rack-Beta liquid scintillation counter.
RESULTS

Cell Selection for Resistance to RbCI
The lethal concentrationof RbCl for the suspension cells was determined on 1% agarose plates ( Fig.1) and in liquid medium. Resistant cells were identified by exposure to 100 mM RbCl during both stages of the selection procedure. This concentration prevented growth in liquid and was high enough to exclude any possibility of escapes on semisolid medium which occasionally occurred when cell clumps were plated. Furthermore, it is well below the tolerance level of many plants for NaCl (11, 14) .
After 7 d in MS medium containing 100 mM RbCl, the cells were washed three times with MS as described above and plated at a density of 1 by giving these stressed cells a reprieve in normal medium for 14 d before returning them to 100 mm RbCl. JL5, which had been readapted for growth as a suspension for 42 d, was resistant to 150 mm RbCl on agarose plates (Fig. 1) . The suspension cells maintained their resistance in the absence of Rb+ for at least 14 weeks (7 subculturing periods), which was the equivalent of more than 30 cell doublings.
Growth of Rubidium-Resistant and Sensitive Cells Under normal culturing conditions, the growth ofboth JL5 and nonresistant cells was the same whether comparisons were made on either a dry or fresh weight basis ( Fig. 2A) Figure 3 . From these results, conditions for comparisons between JL5 and Rb+-sensitive cells over the entire culturing period were chosen wherein the sensitive cells showed severe but not complete growth retardation. These conditions were 50 mM KCI, 50 mm RbCl, 50 mm CsCl, 100 mM NaCl, and 10 mm LiCl (Fig. 2, B-F) . In these experiments the resistance of JL5 was effectively demonstrated, and it was apparent that at least a proportion of the sensitive cells were able to proliferate for a while before there was growth cessation and, in all cases, eventual cell death. Both fresh and dry weight analyses indicated that there was a loss of cellular contents from these cells toward the end of the culturing period. To determine whether all or only a portion of the cells had been killed, attempts were made to inoculate new cultures and to initiate calli formation, both to no avail. These cells also did not exhibit fluorescence when stained with fluorescin diacetate and they contained extremely low levels of potassium (Fig.  4) . A dramatic and unexpected result was seen when the unselected cells died under conditions where as little as 10 mm extra K+ was added to the basal medium.
Analyses of Cellular Cationic Content
JL5 and unselected cells were grown in MS containing increasing concentrations of either Li', Na+. K+, Rb+, or Cs'. Cation concentrations were either 0, 10, 50, or 100 mM. In the case of K+, these levels were added as a supplement over and above the medium's normal 20 mm complement. After 14 d (one subculture period), the respective cationic contents were measured (Fig. 4) Comparisons between the two cell lines can only be made for Rb+ and Na+ since the other cations were lethal to the unselected cells at even the lowest exposure levels tested. The data show that Rb+ and Na+ displaced K+ from both cell lines and that JL5 more effectively prevented Na+ from accumulating when the total cationic pool size is taken into consideration. However, JL5 did accommodate larger amounts of all of the cations before toxic effects became apparent.
Potassium Influx Determinations
Our assay conditions ensured a linear relationship between the absorption of K+ (as 86Rb4), and time, for at least 1 h even when K+ levels as low as 5 /LM were employed (Fig. 5) . Uptake measurements in subsequent experiments were obtained by determining the 86Rb+ contents of cells at 5, 10, 15, and 20 min intervals.
Michaelis-Menten kinetics were used to estimate the influx parameters ofK+ absorption (9) . Data Figure 6 . Km and Vmax estimates for the two cell types are given in Table I . Growth in basal medium resulted in JL5 having a Vma. for uptake of approximately 1.7 times that of the sensitive cells.
DISCUSSION
Plant suspension cultures offer certain advantages over whole plants for the study ofmembrane transport phenomena because of their relative simplicity, their rapid growth, and the ease with which they can be manipulated in the absence of contaminating organisms. This paper shows that they can also be used to obtain stable membrane transport mutants, provided an appropriate selective agent is identified. The employment of Rb+ as a toxic analog of K+ resulted in the isolation of a cell line (JL5) which, under normal conditions, was shown to accumulate over twice the potassium level of sensitive cells. In fact, this increased retention, or possible storage capacity, was also true for Rb4 indicating that the resistance mechanism was somehow due to the elevation in size of a common pool for these two cations. This trait was reflected in an increase in Vm., for K4 influx.
JL5 was not only resistant to Rb+, but also to Li+, Na+, and to a lesser degree, Cs'. It could also tolerate much more elevated K+ concentrations than could unselected cells. In fact, the unselected cells were extremely sensitive to increased exogenous K+ as indicated by the death of a large proportion of the cells within the first day of exposure (data not given). This may be because the K4 concentration in basal MS Parameters derived from data presented in Figure 6 . C and JL5 are sensitive and resistant cell lines. Differences greater than 10% are significant (P = 0.05).
Km
Vm. Influu/ (KJ to block certain types of K+-uptake channels in mammalian cell membranes (18) and the ability of yeast to tolerate Li' relies totally upon its capacity to maintain a low cellular Li' concentration completely independent of K+ levels (6) . The extreme toxicity of Li' was apparent in the sensitive cell line. Conversely, JL5 was very resistant to this cation and able to tolerate substantial intracellular levels. JL5, therefore, has a distinct type of resistance to that of Li'-resistant yeast. This distinction could be due to differences between these organisms in their capacity to employ vacuolar compartmentation, a mechanism which is probably better developed in the higher plant cells.
The alkali metal cations could be placed into separate categories based on their common properties ofaccumulation in both cell lines. K+ Fig. 4 ) The Na+ accumulation was lower in JL5 than in the unselected cells, and this may be a product of the increased K+-cationic gradient between the outside and inside of the cells acting, perhaps, via an osmotic regulatory process (13) . Cs' may or may not be absorbed like K+ by other organisms (18) , and its divergence from a type 1 accumulation in B. napus cells is probably attributable to its extreme toxicity.
Since plant cells maintain their cytoplasmic K+ concentrations at a relatively steady level (20) , the high cellular retention of K+ in JL5 is most likely due to either an increased cytoplasmic volume or an augmented capacity for K+ retention within the vacuole. NaCl adapted tobacco cells had double the cytoplasmic volume of unadapted cells, and while their respective cytoplasmic Na+ and Cl-concentrations were similar, preferential compartmentation of these ions into the vacuole was apparent (4). Studies of cell morphometry and compartmental analysis of K+ are required to ascertain whether one or both of these processes occur in JL5.
Increased accumulation of Na+ has been selected for in Nicotiana tabacum suspension cells, a glycophyte which responded in this halophytic manner under high Na+ conditions (3) . In halophytic sugar beet a Na+-inducible transporter has been identified on tonoplast vesicles which is responsible for the vacuolar accumulation of Na+ (5). Cultured plant cells have been shown to adapt to elevated NaCl levels in a number of ways, but none appear to be the same as the process in the B. napus JL5 cell line. NaCl-selected cells of Citrus sinensis accumulated less Na+ than sensitive cells but were very sensitive to KCI (1) . Chloride toxicity was implicated in this effect. Na-resistant cell lines of sour orange took up greater amounts of Na than sensitive cells and, although their growth correlated with cellular K+ contents, they remained very sensitive to the K+ concentration in the medium (2) . In these cells it may be that the cytoplasm became overloaded with K+ as a result of insufficient vacuolar compartmentation. The mutation which gave rise to the B. napus JL5 cell line has somehow overcome this problem. That the vacuole is involved in the JL5 tolerance mechanism is supported by the extreme K+-sensitivity of the unselected B. napus cells and the associated large increase in K+-accumulation by the resistant cell line.
Increased net absorption of K+ has been shown to occur in salt-sensitive plants responding to NaCl treatments, but this increase often coincides with a decrease in growth (22) . Conversely, JL5 did not increase its net K+ absorption in the presence of NaCl and its growth rate was not reduced.
Since Rb+ is an uptake analog ofK+ in several higher plants (9, 17) and it could be categorized with type 1 (K+) accumulation in B. napus suspension cells, it was appropriate to employ 86Rb+ as a tracer for K+ for influx determinations. With the exception of Na+ (50 mm treatment, sensitive cells), whose effect is likely to be due to some cellular displacement of K+ (Table I ; Fig. 4) , the Km values for K+-influx of our two cell types varied only slightly among the cationic treatments. In addition, the differences in these values between the cell lines can probably be accounted for by the inverse relationship between Kms and cellular K+ (12, 16) . Therefore, it appears that the membrane transport system per se responsible for K+ in the resistant cells had not been altered in its affinity characteristics from that of the sensitive cells. On the other hand, the Vmax for K+-influx was considerably higher in JL5 than in sensitive cells under all conditions tested. Bearing in mind that in the basal MS treatments these cells were in a well fed state with respect to potassium and that JL5 had twice the K+ content of the sensitive cells, the elevated Vm.x might be attributable to an increase in the number of K+-carriers on the plasma membrane or to an alteration in the regulatory properties of these carriers. Wrona and Epstein (24) showed that two closely related tomato species responded very differently to K+ pretreatments. In their study, the Na+ resistant Lvcopersicon cheesemanii accumulated more K+ than the sensitive L. esculentum which was similar to our findings with JL5; but unlike for JL5, this was not reflected in an increased Vm. for K+ influx in high K+-treated roots. An understanding of the role of the altered influx kinetics in the resistance mechanism of JL5 requires further investigation.
In summary, RbCl was successfully employed to isolate a stable resistant cell line of B. napus. The resistance involved an increased accumulation of K+ (and its uptake analog RbV) by which the toxicity of Rb+ was alleviated-in a larger, common pool more Rb+ would be required to displace K+ to below a critical threshold level within the cells. This mechanism also conferred a tolerance to elevated K+, possibly as a result of increased vacuolar compartmentation, and to the other group IA cations: Na+ and Li+ were more effectively excluded whereas the net accumulation of Cs' was intermediate, between that of Na+ and Rb+. In contrast to Naresistance seen in other plant cultures, this is the first mutation which elicits an increase in both influx and net absorption of a major essential cation. In order to further characterize JL5, studies are now under way to determine the distribution of K+ between the cytoplasmic and vacuolar compartments and to measure K+ efflux from the cells as well as its unidirectional fluxes across the tonoplast.
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